It has taken time for the status of chronic lymphocytic leukemia (CLL) to change within the scientific community. CLL, characterized by the accumulation of seemingly innocent long-lived monoclonal B cells exhibiting mature morphologies, has long been considered the "Cinderella" of blood cancers. CLL is receiving increasing attention from biologists and clinicians, however, because understanding of this disease may elucidate the association between lymphoid tumous and autoimmunity as well as help to define the relationships between antigen stimulation and malignant transformation.
INTRODUCTION
Chronic lymphocytic leukemia (CLL) has been considered the "Cinderella" of blood cancers, receiving less attention than related diseases. Now, however, CLL is a focus of investigation by biologists and clinicians because characteristics of this disease may shed light on the association between lymphoid tumours and autoimmunity as well as help to define the relationships between antigen (Ag) stimulation and malignant transformation.
CHARACTERISTICS OF CLL CELLS
CLL B cells are endowed with a functional B-cell receptor (BCR) that allows Ag interaction (1, 2) . The cell of origin of CLL has been largely ignored even if its phenotype closely resembles lymphocytes detectable in the marginal zone of secondary lymphoid organs (3) . Somatic mutations of the Immunoglobulin Heavy Chain Variable (IGHV) genes are present in at least half of CLL patients (4, 5) , indicating that in some cases antigenic pressure may influence the development of CLL. The presence or absence of IGHV somatic mutations is clinically relevant because prognosis is significantly better in cases in which mutations are present than in cases in which they are absent (4, 5) . CLL patients exhibit a biased use of IGHV genes, and subsets of patients can be identified who carry closely homologous if not identical ("stereotyped") complementaritydetermining region 3 (CDR3) sequences on heavy and light chains (6) (7) (8) (9) (10) Now we arrive at the heart of the CLL conundrum: which Ag are involved, and where and how? A corollary of this question is whether target cells have experienced Ag stimulation before the occurrence of transforming events that lead to malignancy or whether they are continuously exposed to Ag stimulation. If so, then Ag intervention may influence not only the onset of CLL but also its progression. The relevance of these issues is underscored by their potential therapeutic implications.
Monoclonal recombinant antibodies (Abs) derived from several subsets of BCR-stereotyped CLL cells have been shown to bind to intracellular autoAg (14) . Recently two independent studies (15, 16) have analyzed a large panel of Epstein-Barr virus-transformed CLL cell lines and primary CLL cells that use different VHIG genes and cover mutated and unmutated cases, some presenting CDR3-stereotyped receptors. Both studies showed that most if not all cases of CLL involve production of polyreactive monoclonal Abs that react with a number of novel autoAg targets, including cytoskeletal proteins, phosphorylcholinecontaining structures, and oxidized lowdensity lipoproteins. Interestingly, most Ag in their native forms are localized in the cytoplasm, whereas in the prototype autoimmune disorder systemic lupus erythematosus, autoAg are nuclear. Two categories of Ag have been detected: (a) native molecular motifs, which are located in the cytoplasm of viable cells but relocate when the cell undergoes apoptosis and become exposed on apoptotic cells/blebs, and (b) neo-Ags, which are generated by oxidation during the apoptotic process. These properties explain why CLL monoclonal Abs react with apoptotic lymphocytes but not with the same cells when viable. Remarkably, some of these Ag are also exposed on the surface of common bacteria.
DISCUSSION
The relevance of these findings is three-fold. First, they provide the proof of principle that natural Abs in humans present similarly to those in mice, in which natural autoAbs have been described in different settings (17) (18) (19) , such as autoimmunity and removal of senescent cells and bacteria. This similarity helps elucidate the nature of the normal cell precursor of CLL in humans. These results suggest that CLL cells derive from a subset of cells normally involved in eliminating cellular debris, scavenging apoptotic cells, and providing the first line of defense against pathogenic bacteria. Thus, interest in human CD5+ B cells, their relationships with mouse B1 cells, and their position within the complex cellular milieu of the marginal zone in secondary lymphoid organs is rejuvenated.
The second important feature of these findings is that the data reported by Myrinder et al. (15) and Catera et al. (16) improve our understanding of the mechanism that favors clonal CLL expansion by raising the intriguing issue that the progression of CLL may be fuelled by ongoing apoptotic processes, possibly in synergy with bacterial infections (Figure 1) . These data are well in keeping with the observation that bacterial infections of the respiratory tract increase the risk of CLL (20) and may even suggest that CLL cells themselves-once they undergo apoptosis within infiltrated peripheral tissues-might be involved in self-perpetuating the disease by providing autoantigenic targets. It will be important to understand whether these novel autoAgs favor expansion of an existing genetically abnormal cell popula- tion whose underlying genetic defect is brought to light by Ag stimulation.
The third important point is that the nature of the Ag, together with BCR affinity, may shape the clinical course of CLL. CLL cells differ significantly in their in vitro capacity to signal through the BCR: some CLL cases (most unmutated) carry more competent BCRs, whereas others (usually mutated) appear to be unresponsive (21) . In the former cases persistent Ag stimulation might promote malignant cell survival and growth, and in the latter Ag interaction might lead to receptor desensitization and an anergic state (22) . The role of Ag stimulation in the clinical course of CLL is therefore a concept worthy of further investigation by clinicians as well as scientists.
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